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Introduction
Cerebellar mutism syndrome is a well-defined syndrome which is observed rarely after wide removal of posterior fossa tumors (1) . It is characterized with decreased speech or loss of speech, hypotonia, ataxia and emotional instability (2, 3) .
It was reported by Rekate et al. and yonemasu in different articles in 1985 for the first time after posterior fossa surgery (1, 4, 5) . More than 200 cases of cerebellar mutism syndrome have been reported until the present time. Its incidence is 11%-29% (6) . It is frequently observed in patients with medulloblastoma and brainstem involvement (6, 7, 8, 9, 10, 11, 12) . According to Gudrunardottir's literature review, definite findings in the area of astrocytoma and ependimoma are insufficient, although the incidence of cerebellar mutism in children with medulloblastoma has been documented well (6) . In this article, we present two patients (one male adolescent and one female young adult) who were diagnosed with pilocytic astrocytoma and developed cerebellar mutism after posterior fossa surgery.
Case 1
A 14-year old right-handed male patient presented to our clinic with complaints including headache, speech disorder, 368 nausea and vomiting and balance disorder. On neurological examination, ataxia, dysmetria and dysdiadochokinesis were found. On magnetic resonance imaging, a mass with a size of 3x4x4 cm which also had a cystic component was observed in the posterior part of the 4th ventricle (vermian location). In addition, hydrocephalus was also present (Picture 1). The patient was started to be operated in the sitting position. The tumor was removed almost completely by vermian incision using surgery microscope (Picture 2). The pathological diagnosis was pilocytic astrocytoma. After the operation decreased speech was observed in the patient. However, his understanding was preserved. External ventricular drainage was started because of hydrocephalus. On the third post-operative day, the patient was aphasic. His movements were markedly slowed down. At the end of the second month, the patient started to speak gradually. However, dysarthria and slowness in speech continued. In the post-operative 3rd year, his problems in speaking were eliminated except for dysarthria. The patient still continues his education, though with delay.
Case 2
A 20-year-old female patient presented to our clinic with complaints including postural disorder, a feeling of dizziness, nausea, vomiting and headache. On neurological examination, she had bilateral nistagmus. His balance in the standing position was disrupted. She had dysmetria in the left side. On cranial magnetic resonance imaging, a tumor which had heterogeneous contrast uptake was found in the posterolateral part of the 4th ventricle in the cerebellum (Picture 3). The patient was started to be operated in the sitting position. The tumor was removed almost completely by suboccipital craniectomy (Picture 4). Postoperatively, the patient's understanding, speech and movements were evaluated to be natural. On the 4th day, the patient's speaking decreased gradually and ceased. During this process, a marked slowing was observed in her movements. Three months later, speaking started gradually. Speech was dysarthric. Although speech improved to a great extent 3 years after the operation, it preserved its dysarthric property. In addition, slowing in the movements and difficulty in writing continued, though they were decreased.
Discussion

Clinical Findings and Incidence
It is well known that understanding is preserved, long tract findings and lower cranial nerve involvement are not observed in cerebellar mutism syndrome (7) . Delayed onset of mutism after operation, its resolution and relation with other neurological findings are also characteristic and well defined.
Cerebellar mutism is an expression of mutism state which arises from cerebellar lesions rather than the lower cranial nerves or cerebrum. Its basic characteristics include late onset after surgical intervention (1-6 days), a disease period ranging from 1 day to 4 months and dysarthric speech after recovery (13) . The mean time of onset is 1-7 days and the duration is 7-8 weeks (9, 14) . Recovery is spontaneous and rapid and complete in some cases. However, language and speech dysfunctions including ataxic dysarthria, disruption in speech habits and slowed speech continue in most patients in the long term (7, 9, 10, 13, 15, 16, 17, 18) . Anatomic localization of the cerebellar lesion and formation theories in mutism preserve their controversial status. Two basic theories which are thought to contribute to formation of cerebellar mutism have been proposed. The first theory is related with the psychological background of cerebellar mutism. loss of speech in the child may be a psychological reaction to the stress of surgical intervention. "Transient mutism" behavioral changes as stress reaction in the childhood is a well known psychogenic state in which refusal of food is added to mutism.
The second basic theory is related with the organic background of cerebellar mutism. However, the anatomic basis of cerebellar mutism is based on assumptions (1).
Anatomy: Most investigators agree that the basic cause of cerebellar mutism is bilateral interruption of the dentato-thalamocortical pathways (12, 14, 19, 20, 21, 22, 23, 24, 25) . The most common explanation of cerebellar mutism emphasizes bilateral damage to the dentate nuclei (7, 15, 24, 26) . However, mutism may also occur with damage to any site of the pathway in question. This picture has also been reported in bilateral thalamotomy performed for Parkinmson's disease, in lesions in the supplementary motor area and bilateral edema in the brachium pontis/conjunctivum or superior cerebellar peduncles (8, 24, 25) .
Other studies have also confirmed the importance of involvement of the brainstem (16, 17, 27) . This involvement includes the monoaminergic regions located centrally in the mesencephalon and substantia nigra (6, 11, 28) . In addition, preoperative brainstem compression has been defined as a herald of postoperative mutism (29) .
Pathophysiology
The pathophysiological mechanism of cerebellar mutism has not been elucidated fully yet. Although the basis of the event is surgical intervention, the findings do not occur immediately and at least partial recovery is the rule. If mutism starts immediately after surgical intervention, one should be suspicious about bulbar dysfunction which occurs with damage to the cranial nerve nuclei in the brainstem (12) . In cerebellar mutism, seconday processes initiated with tumor resection should be considered (19) . It is thought that these secondary processes are closely related with perfusional disorders, edema, troubles in release of neurotransmitters and axonal injury (6) . Cerebellar perfusional disorders: during surgical approach to the cerebellum, intraoperative coagulation of the perforating vessels and arterial embolic obstruction may be the cause of cerebellar hypoperfusion, transient ischemia and thus cerebellar mutism.
Edema: Delayed onset of cerebellar mutism may be related with postoperative swelling and edema.
Transient disruption in release of neurotransmitters: According to Siffert et al., changes in the levels of neurotransmitters and disruption of connective structures at synaptic or transsynaptic levels may explain the delay between operation and onset of mutism (6, 8, 30) .
Axonal injury:
Surgical intervention directed to the ascendant pathways and strain may be considered important pathological factors (12, 14, 31) . Magnetic resonance imaging and diffusion tensor imaging examinations have shown that functional interruptions of white matter bundles involving the efferent axons in the superior cerebellar pedincules are an important pathophysiological component of cerebellar mutism (23) .
Risk Factors
Many risk factors have been defined for cerebellar mutism. One of these is involvement of the brainstem by a tumor (10, 12, 16) . Middle line localization (vermian and 4th ventricle) and tumor type can be added to this. The most common tumor which leads to cerebellar mutism is medulloblastoma in pediatric patients (7, 8) . Two or 3-fold higher incidence rates have been reported compared to astrocytoma and ependymoma (6, 9, 21, 32) . In addition, though not as determinative as the above-mentioned three criteria, brainstem compression, tumor size and preference of vermian incision as the surgical approach are defined as risk factors (6) .
Treatment Medical treatment: The investigators who think that the dopaminergic cell groups in the monoaminergic pathways are important recommend use of bromocriptine to reverse the symptoms of akinetic mutism (11, 29) . However, this does not necessarily have the desired impact in patients with cerebellar mutism (21) . nimodipine as a calcium antagonist is recommended to prevent ischemia related with vasospasm (33) . However, this is not a generally accepted treatment, either (6) .
Speech therapy: The level of affection of speech has been used to evaluate and investigate the occurrence of cerebellar mutism. It has been shown that speech monitorization is partially helpful in grading the disease severity and monitoring the process of speech disorder in the post-mutistic phase (23, 31) . However, there is no concensus about the efficiency of speech therapy in the recovery process other than this (6) .
Prevention: Prevention opportunities in cerebellar mutism are still controversial. There are studies suggesting that surgical approaches without separating the vermis (telovelar approach), partial resection in critical regions instead of radical en bloc removal, intraoperative electrophysiological monitorization and avoidance of excessive retraction decrease the risk of mutism (34, 35, 36, 37, 38, 39) .
Cerebellar mutism developed in two patients with posterior fossa tumor who were operated in our clinic. Since the tumors were localized in the middle line and brainstem compression was observed in these patients, they carried the above-mentioned risk factors. The histopathological diagnosis of these two patients was pilocytic astrocytoma.
The incidence of cerebellar mutism has been documented well in children with medulloblastoma. However, it has been reported that there are no sufficient data about patients with astrocytoma and ependimoma in previous literature reviews (6) . In addition, the diagnosis of pilocytic astrocytoma is not considered a risk factor for cerebeallar mutism. We published these two cases which did not overlap with the general information to emphasize complications which might develop outside expectations, though we do not have sufficient data to draw a conclusion as a case presentation.
